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(57) ABSTRACT 

For forming a thin active device area on a SOI 

(semiconductor on insulator) substrate, an insulating struc 
ture is formed on the SOI (semiconductor on insulator) 
substrate. The insulating structure has an exposed surface. A 
second semiconductor substrate is pressed doWn onto the 
exposed surface of the insulating structure, and a doWnWard 
and lateral force is applied on the second semiconductor 
substrate against the exposed surface of the insulating struc 
ture. The second semiconductor substrate is then removed 
aWay from the exposed surface of the insulating structure. 
The thin active device area is formed of a predetermined 
thickness of material of the second semiconductor substrate 
being deposited onto the exposed surface of the insulating 
structure from the second semiconductor substrate being 
pressed against the exposed surface of the insulating struc 
ture. The insulating structure is surrounded by a semicon 
ductor material on the SOI substrate, and the predetermined 
thickness of material of the second semiconductor substrate 
is deposited onto the semiconductor material surrounding 
the insulating structure from the second semiconductor 
substrate being pressed against the exposed surface of the 
insulating structure. The present invention may be used to 
particular advantage When a ?eld effect transistor is formed 
in the thin active device area With a drain extension, a source 
extension, and a channel region under a gate of the ?eld 
effect transistor being formed in the thin active device area, 
and When a drain silicide and a source silicide of the ?eld 
effect transistor is formed in the thicker semiconductor 
material surrounding the thin active device area. 

9 Claims, 3 Drawing Sheets 
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FORMATION OF ULTRA-THIN ACTIVE 
DEVICE AREA ON SEMICONDUCTOR ON 

INSULATOR (SOI) SUBSTRATE 

TECHNICAL FIELD 

The present invention relates generally to fabrication of 
integrated circuit devices having scaled-doWn dimensions, 
and more particularly, to fabrication of an ultra-thin active 
device area on a SOI (semiconductor on insulator) substrate 
With retention of thicker semiconductor material on the SOI 

(semiconductor on insulator) substrate. 

BACKGROUND OF THE INVENTION 

A long-recogniZed important objective in the constant 
advancement of monolithic IC (Integrated Circuit) technol 
ogy is the scaling-doWn of IC dimensions. Such scaling 
doWn of IC dimensions reduces area capacitance and is 
critical to obtaining higher speed performance of integrated 
circuits. Moreover, reducing the area of an IC die leads to 
higher yield in IC fabrication. Such advantages are a driving 
force to constantly scale doWn IC dimensions. 

Referring to FIG. 1, a common component of a mono 
lithic IC is a MOSFET (Metal Oxide Semiconductor Field 
Effect Transistor) 100 Which is fabricated With SOI 
(semiconductor on insulator) technology to avoid having the 
junction capacitance betWeen the drain and the source of the 
MOSFET 100 and a semiconductor substrate. In such 
technology, an insulating box 101 is fabricated on a loWer 
semiconductor substrate 102, and components of the MOS 
FET 100 are fabricated in a SOI (semiconductor on 
insulator) substrate 103 disposed above the insulating box 
101. The insulating box 101 is comprised of an insulating 
material such as silicon dioxide When the loWer semicon 
ductor substrate 102 is comprised of silicon. 

The scaled doWn MOSFET 100 having submicron or 
nanometer dimensions includes a drain extension 104 and a 
source extension 106 formed Within the SOI substrate 103. 
The drain extension 104 and the source extension 106 are 
shalloW junctions to minimiZe short-channel effects in the 
MOSFET 100 having submicron or nanometer dimensions, 
as knoWn to one of ordinary skill in the art of integrated 
circuit fabrication. 

The MOSFET 100 further includes a drain contact region 
108 With a drain silicide 110 for providing contact to the 
drain of the MOSFET 100 and includes a source contact 
region 112 With a source silicide 114 for providing contact 
to the source of the MOSFET 100. The drain contact region 
108 and the source contact region 112 are fabricated as 
deeper junctions than the drain extension 104 and the source 
extension 106 such that a relatively large siZe of the drain 
silicide 110 and the source silicide 114 respectively may be 
fabricated therein to provide loW resistance contact to the 
drain and the source respectively of the MOSFET 100. Thus, 
referring to FIG. 1, the drain contact region 108 and the 
source contact region 112 extend doWn Within the SOI 
substrate 103 to the insulating box 101. 

The MOSFET 100 further includes a gate dielectric 116 
and a gate structure 118 Which may be a polysilicon gate. A 
gate silicide 120 is formed on the polysilicon gate 118 for 
providing contact to the polysilicon gate 118. Achannel 121 
of the MOSFET 100 is formed by the region in the SOI 
substrate 103 betWeen the drain extension 104 and the 
source extension 106 under the gate dielectric 116. The 
MOSFET 100 also includes a spacer 122 disposed on the 
sideWalls of the polysilicon gate 118 and the gate oxide 116. 
When the SOI substrate 103 is comprised of silicon, the gate 

10 

15 

25 

35 

45 

55 

65 

2 
dielectric 116 is typically comprised of silicon dioxide. The 
spacer 122 may also be comprised of silicon dioxide. 

Referring to FIG. 1, as the length dimension of the 
channel 121 of the MOSFET 100 is scaled doWn, the depth 
of the drain extension 104 and the source extension 106 is 
also scaled doWn to minimiZe short-channel effects as 
knoWn to one of ordinary skill in the art of integrated circuit 
design, and thus the depth of the SOI substrate 103 is scaled 
doWn accordingly. Referring to FIG. 1, the drain contact 
region 108 and the source contact region 112 extend doWn 
Within the SOI substrate 103 to the insulating box 101. Thus, 
as the depth of the SOI substrate 103 is further scaled doWn, 
the depth of the drain contact region 108 and the source 
contact region 112 is also scaled doWn. 

HoWever, a smaller depth of the drain contact region 108 
and the source contact region 112 results in a smaller volume 
of the drain silicide 110 and the source silicide 114 Which in 
turn results in higher series resistance at the drain and the 
source of the MOSFET 100. Such higher parasitic series 
resistance degrades the speed performance of the MOSFET 
100. HoWever, as the length of the channel region 121 of the 
MOSFET 100 is further scaled doWn, a thin active device 
area is desired for minimiZing the short-channel effects 
Within the MOSFET 100, as knoWn to one of ordinary skill 
in the art of integrated circuit design. 

Thus, a thin active device area is desired for fabricating 
the drain extension, the source extension, and the channel 
region of a MOSFET While at the same time the drain 
silicide and the source silicide of the MOSFET should be 
fabricated in a thicker semiconductor region for minimiZing 
the series resistance at the drain and source of the MOSFET. 

SUMMARY OF THE INVENTION 

Accordingly, in a general aspect of the present invention, 
a thin active device area is formed With SOI (semiconductor 
on insulator) technology such that the drain extension, the 
source extension, and the channel region of a MOSFET may 
be fabricated therein While at the same time a thicker 
semiconductor region is retained such that the drain silicide 
and the source silicide of the MOSFET may formed therein 
for fabrication of the MOSFET having scaled doWn dimen 
sions. 

In one embodiment of the present invention, for forming 
a thin active device area on a SOI (semiconductor on 
insulator) substrate, an insulating structure is formed on the 
SOI (semiconductor on insulator) substrate. The insulating 
structure has an exposed surface. A second semiconductor 
substrate is pressed doWn onto the exposed surface of the 
insulating structure, and a doWnWard force is applied on the 
second semiconductor substrate against the exposed surface 
of the insulating structure. The second semiconductor sub 
strate is then removed aWay from the exposed surface of the 
insulating structure. The thin active device area is formed of 
a predetermined thickness of material of the second semi 
conductor substrate being deposited onto the exposed sur 
face of the insulating structure from the second semicon 
ductor substrate being pressed against the exposed surface of 
the insulating structure. 
The another embodiment of the present invention, the 

insulating structure is surrounded by a semiconductor mate 
rial on the SOI substrate, and the predetermined thickness of 
material of the second semiconductor substrate is deposited 
onto the semiconductor material surrounding the insulating 
structure from the second semiconductor substrate being 
pressed against the exposed surface of the insulating struc 
ture. 
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The present invention may be used to particular advantage 
When a ?eld effect transistor is formed in the thin active 
device area With a drain extension, a source extension, and 
a channel region under a gate of the ?eld effect transistor 
being formed in the thin active device area. In addition, a 
drain silicide and a source silicide of the ?eld effect tran 
sistor are formed in the thicker semiconductor material 
surrounding the thin active device area. 

In this manner, since the drain extension, the source 
extension, and the channel region under the gate of the ?eld 
effect transistor is formed in the thin active device area, short 
channel effects of the ?eld effect transistor are minimized for 
the ?eld effect transistor having scaled doWn dimensions. 
Furthermore, because a larger volume of the drain silicide 
and the source silicide may be formed in the thicker semi 
conductor material surrounding the thin active device area, 
the parasitic series resistance at the drain and the source of 
the ?eld effect transistor is minimiZed such that the speed 
performance of the ?eld effect transistor is enhanced. 

These and other features and advantages of the present 
invention Will be better understood by considering the 
folloWing detailed description of the invention Which is 
presented With the attached draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a cross-sectional vieW of a MOSFET having 
drain and source extensions and drain and source contact 

regions formed in SOI (Semiconductor-On-Insulator) 
technology, as knoWn in the prior art; and 

FIGS. 2, 3, 4, 5, 6, 7, 8, and 9 shoW cross-sectional vieWs 
of a MOSFET fabricated according to an embodiment of the 
present invention for illustrating the steps for formation of a 
thin active device area for fabrication of the drain extension, 
the source extension, and the channel region of the MOS 
FET therein for SOI (Semiconductor-On-Insulator) technol 
ogy. 

The ?gures referred to herein are draWn for clarity of 
illustration and are not necessarily draWn to scale. Elements 
having the same reference number in FIGS. 1, 2, 3, 4, 5, 6, 
7, 8, and 9 refer to elements having similar structure and 
function. 

DETAILED DESCRIPTION 

Referring to FIG. 2, in a general aspect of the present 
invention, for forming a thin active device area in SOI 
(semiconductor on insulator) technology, a photoresist layer 
202 is deposited on the SOI (semiconductor on insulator) 
substrate 103. The photoresist layer 202 is etched to form a 
?rst isolation opening 204, a second isolation opening 206, 
and an active device area opening 208. Referring to FIG. 3, 
such openings are also etched through the SOI substrate 103. 
Processes for depositing and etching through a photoresist 
layer and a SOI substrate are knoWn to one of ordinary skill 
in the art of integrated circuit fabrication. 

Referring to FIG. 2, the thickness of the isolation box 101 
may be in a range of approximately 1500 A (angstroms) to 
approximately 2500 A (angstroms), and the thickness of the 
SOI substrate 103 may be in a range of approximately 500 
A (angstroms) to approximately 700 A (angstroms), accord 
ing to one embodiment of the present invention. The Width 
of the ?rst and second isolation openings 204 and 206 may 
be in a range of approximately 2000 A (angstroms) to 
approximately 4000 A (angstroms), according to one 
embodiment of the present invention. The Width of the 
active device area opening 208 may be in a range of 
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4 
approximately 800 A (angstroms) to approximately 1200 A 
(angstroms), according to one embodiment of the present 
invention. 

Referring to FIGS. 3 and 4, the photoresist layer 202 is 
then etched off from the SOI substrate 103. An insulating 
material 210 is then deposited to ?ll the ?rst isolation 
opening 204, the second isolation opening 206, and the 
active device area opening 208 through the SOI substrate 
103. The insulating material 210 may be comprised of 
silicon dioxide for example, and may have a thickness in a 
range of approximately 2000 A (angstroms) to approxi 
mately 3000 A (angstroms), according to one embodiment 
of the present invention. Processes for depositing such 
insulating material are knoWn to one of ordinary skill in the 
art of integrated circuit fabrication. 

Referring to FIG. 5, the insulating material 210 is pol 
ished doWn until the semiconductor material of the SOI 
substrate 103 is exposed such that the insulating material 
210 is contained Within the ?rst isolation opening 204 to 
form a ?rst isolation structure 212 and Within the second 
isolation opening 206 to form a second isolation structure 
214 and Within the active device area opening 208 to form 
an insulating structure 216. Processes for polishing doWn 
such insulating material, such as CMP (chemical mechanical 
polishing) processes are knoWn to one of ordinary skill in the 
art of integrated circuit fabrication. After such a polish, the 
thickness of the SOI substrate 103 may be in a range of 
approximately 300 A (angstroms) to approximately 500 A 
(angstroms), according to one embodiment of the present 
invention. 

Referring to FIG. 6, a dopant is implanted into a second 
semiconductor substrate 220. The second semiconductor 
substrate 220 may be a silicon substrate, and the dopant may 
be comprised of hydrogen ions. The dopant is implanted into 
a predetermined face 222 of the semiconductor substrate 220 
such that a peak concentration of the dopant is at a prede 
termined thickness (represented by the dashed line 224) 
from the predetermined face 222 of the semiconductor 
substrate 220. The predetermined thickness may be in a 
range of approximately 50 A (angstroms) to approximately 
100 A (angstroms), according to one embodiment of the 
present invention. 

Referring to FIG. 7, the second semiconductor substrate 
220 is pressed doWn With a doWnWard force onto the 
structures of the SOI substrate 103 including the exposed 
surface of the insulating structure 216. Referring to FIGS. 7 
and 8, the second semiconductor substrate 220 is pressed 
doWn and then removed aWay from the SOI substrate 103 
including the exposed surface of the insulating structure 216 
With a doWnWard and lateral force. Such a Wafer bonding 
process may be performed at room temperature and in a 
nitrogen (N2) ambient to prevent oxidation of the SOI 
substrate 103 and the second semiconductor substrate 220. 

Further referring to FIGS. 7 and 8, the peak concentration 
of the hydrogen ions at the predetermined thickness 
(represented by the dashed line 224) from the predetermined 
face 222 of the second semiconductor substrate 220 causes 
a Weakening of the bonds of the semiconductor crystal of the 
second semiconductor substrate 220. Thus, With the doWn 
Ward and lateral force exerted on the second semiconductor 
substrate 220, the predetermined thickness 226 of the second 
semiconductor substrate 220 is deposited onto the structures 
of the SOI substrate 103 When the second semiconductor 
substrate 220 is removed aWay from the SOI substrate 103, 
as illustrated in FIG. 8. 

Further referring to FIG. 8, a thin active device area is 
formed of the predetermined thickness 226 of the second 
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semiconductor substrate 220 deposited onto the exposed 
surface of the insulating structure 216. Referring to FIGS. 8 
and 9, a MOSFET 300 is formed in such an active device 
area. Adrain extension 302 and a source extension 304 of the 
MOSFET 300 are formed in such an active device area. 
Furthermore, a gate structure 306 is formed over a channel 
region of the MOSFET 300 With the channel region of the 
MOSFET 300 being Within the active device area. 

Further referring to FIGS. 8 and 9, the thin active device 
area and the insulating structure 216 are surrounded by the 
semiconductor material of the SOI substrate 103 With the 
predetermined thickness 226 of the second semiconductor 
substrate 220 deposited thereon. A drain silicide 308 and a 
source suicide 310 are formed in the surrounding semicon 
ductor material of the SOI substrate 103 for providing 
contact to the drain and source respectively of the MOSFET 
300. In addition, a gate silicide 312 is formed on the gate 
structure 306 for providing contact to the gate of the 
MOSFET 300. Spacers 314 are formed on the sideWalls of 
the gate structure of the MOSFET 300. Additional isolation 
structures 316 and 318 are also formed to surround the 
MOSFET 300. 

In this manner, the drain extension, the source extension, 
and the channel region of the MOSFET 300 are formed in 
the active device area having a thickness of only approxi 
mately 50 A (angstroms) to approximately 100 A 
(angstroms), according to one embodiment of the present 
invention, on the insulating structure 216. With such a thin 
active device area, short channel effects are minimiZed for 
the MOSFET 300 having scaled doWn dimensions of tens of 
nanometers. 

Furthermore, the drain silicide 308 and the source silicide 
310 of the MOSFET 300 are formed in the thicker semi 
conductor material of the SOI substrate 103 surrounding the 
thin active device area. Thus, the drain silicide 308 and the 
source silicide 310 may have a higher thickness of approxi 
mately 350 A (angstroms) to approximately 600 A 
(angstroms), according to one embodiment of the present 
invention. Such thicker silicide minimiZes the series resis 
tance at the drain and the source of the MOSFET 300 such 
that the speed performance of the MOSFET 300 is 
enhanced. 

The foregoing is by Way of example only and is not 
intended to be limiting. For example, any speci?ed material 
or speci?ed dimension of any structure described herein is 
by Way of example only. Furthermore, as Will be understood 
by those skilled in the art, the structures described herein 
may be made or used in the same Way regardless of their 
position and orientation. Accordingly, it is to be understood 
that terms and phrases such as “on,” “doWnWard,” and 
“lateral,” as used herein refer to relative location and ori 
entation of various portions of the structures With respect to 
one another, and are not intended to suggest that any 
particular absolute orientation With respect to external 
objects is necessary or required. The present invention is 
limited only as de?ned in the folloWing claims and equiva 
lents thereof. 

I claim: 
1. Amethod for forming a ?eld effect transistor With a thin 

active device area on a SOI (semiconductor on insulator) 
substrate, the method including the steps of: 

A. forming an insulating structure on an insulating box 
disposed on said SOI (semiconductor on insulator) 
substrate, said insulating structure having an exposed 
top surface, and forming a semiconductor material on 
said insulating box to surround said insulating structure 
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6 
such that said top surface of said insulating structure 
remains exposed; 

B. pressing doWn a second semiconductor substrate onto 
said exposed top surface of said insulating structure and 
onto said semiconductor material surrounding said 
insulating structure, Wherein a doWnWard force is 
applied on the second semiconductor substrate against 
said exposed top surface of said insulating structure and 
against said semiconductor material surrounding said 
insulating structure; 

C. removing said second semiconductor substrate aWay 
from said exposed top surface of said insulating struc 
ture and aWay from said semiconductor material sur 
rounding said insulating structure; 

Wherein said thin active device area is formed of a 
predetermined thickness of material of said second 
semiconductor substrate being deposited onto said 
exposed top surface of said insulating structure from 
said second semiconductor substrate being pressed 
against said exposed top surface of said insulating 
structure in said step B; 

and Wherein said predetermined thickness of material of 
said second semiconductor substrate is deposited onto 
said semiconductor material surrounding said insulat 
ing structure from said second semiconductor substrate 
being pressed against said semiconductor material sur 
rounding said insulating structure in said step B; 

D. forming a drain extension, a source extension, and a 
channel region of said ?eld effect transistor in said thin 
active device area; and 

E. forming a drain silicide and a source silicide of said 
?eld effect transistor With said semiconductor material 
surrounding said insulating structure and With said 
predetermined thickness of material of said second 
semiconductor substrate deposited onto said semicon 
ductor material surrounding said insulating structure. 

2. The method of claim 1, Wherein said predetermined 
thickness of material of said second semiconductor substrate 
to be deposited onto said exposed top surface of said 
insulating structure is in a range of approximately 50 A 
(angstroms) to approximately 100 A (angstroms). 

3. The method of claim 1, Wherein a thickness of said 
semiconductor material surrounding said insulating struc 
ture is in a range of approximately 300 A (angstroms) to 
approximately 500 A (angstroms). 

4. The method of claim 1, Wherein said drain silicide and 
said source silicide of said ?eld effect transistor has a 
thickness in a range of approximately 350 A (angstroms) to 
approximately 600 A (angstroms). 

5. The method of claim 1, further including the step of: 
implanting a dopant into a predetermined face of said 

second semiconductor Wafer to have a peak concentra 
tion at a depth of said predetermined thickness from 
said predetermined face of said second semiconductor 
Wafer; and 

pressing said predetermined face of said second semicon 
ductor Wafer against said exposed surface of said 
insulating structure in said step B; 

Wherein said peak concentration of said dopant at said 
predetermined thickness from said predetermined face 
of said second semiconductor Wafer causes said pre 
determined thickness of material of said second semi 
conductor substrate to be deposited onto said exposed 
surface of said insulating structure. 

6. The method of claim 5, Wherein said second semicon 
ductor substrate is comprised of silicon, and Wherein said 
dopant is comprised of hydrogen ions. 
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7. The method of claim 1, wherein said predetermined 
thickness of material of said second semiconductor substrate 
to be deposited onto said exposed surface of said insulating 
structure is in a range of approximately 50 A (angstroms) to 
approximately 100 A (angstroms). 

8. The method of claim 1, Wherein said insulating struc 
ture is comprised of silicon dioxide, and Wherein said second 
semiconductor substrate is comprised of silicon. 

9. Amethod for forming a ?eld effect transistor With a thin 
active device area on a $01 (semiconductor on insulator) 
substrate, the method including the steps of: 

A. forming an insulating structure on an insulating box 
disposed on said 501 (semiconductor on insulator) 
substrate, said insulating structure having an exposed 
top surface, and Wherein said insulating structure is 
surrounded by a semiconductor material on said insu 
lating box, and Wherein a thickness of said semicon 
ductor material surrounding said insulating structure is 
in a range of approximately 300 A (angstroms) to 
approximately 500 A (angstroms), and Wherein said 
insulating structure is comprised of silicon dioxide; 

B. implanting a dopant into a predetermined face of a 
second semiconductor Wafer to have a peak concentra 
tion at a depth of a predetermined thickness from said 
predetermined face of said second semiconductor 
Wafer, and Wherein said second semiconductor sub 
strate is comprised of silicon, and Wherein said dopant 
is comprised of hydrogen ions, and Wherein said pre 
determined thickness is in a range of approximately 50 
A (angstroms) to approximately 100 A (angstroms); 

C. pressing doWn said second semiconductor substrate 
With said predetermined face of said second semicon 
ductor substrate being applied onto said exposed top 
surface of said insulating structure and onto said semi 
conductor material surrounding said insulating 
structure, Wherein a doWnWard force is applied on the 
second semiconductor substrate against said exposed 
top surface of said insulating structure and against said 
semiconductor material surrounding said insulating 
structure; 
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D. removing said second semiconductor substrate aWay 

from said exposed top surface of said insulating struc 
ture and aWay from said semiconductor material sur 
rounding said insulating structure; 

Wherein said peak concentration of said dopant at said 
predetermined thickness from said predetermined face 
of said second semiconductor Wafer causes said pre 
determined thickness of material of said second semi 
conductor substrate to be deposited onto said exposed 
top surface of said insulating structure from said second 
semiconductor substrate being pressed against said 
exposed top surface of said insulating structure in said 
step C; 

and Wherein said thin active device area is formed of said 
predetermined thickness of material of said second 
semiconductor substrate being deposited onto said 
exposed top surface of said insulating structure; 

and Wherein said predetermined thickness of material of 
said second semiconductor substrate is deposited onto 
said semiconductor material surrounding said insulat 
ing structure from said second semiconductor substrate 
being pressed against said semiconductor material sur 
rounding said insulating structure in said step C; 

E. forming a ?eld effect transistor in said thin active 
device area, Wherein a drain extension, a source 
extension, and a channel region under a gate of said 
?eld effect transistor is formed in said thin active device 
area; and 

F. forming a drain silicide and a source silicide of said 
?eld effect transistor With said semiconductor material 
surrounding said thin active device area and With said 
predetermined thickness of material of said second 
semiconductor substrate deposited onto said semicon 
ductor material surrounding said insulating structure, 
and Wherein said drain silicide and said source silicide 
of said ?eld effect transistor have a thickness in a range 
of approximately 350 A (angstroms) to approximately 
600 A (angstroms). 


